Introduction
In the sphere of legal medicine, sex determination is most essential for personal identification.
The objects of legal medicine are live bodies , corpses or parts thereof left behind. In the case of an exceedingly deteriorated corpse , the condition of the teeth, which are least subject to postmortem changes, is especially important in providing the key to sex determination.
With regard to the sex differences of teeth, there are already reports by GoNDA [1] , TAKIGucHI [2] , etc. And attempts at sex determination by means of mathematicostatistical models have been done by such persons as UMEDA [3] , HANIHARA et al. [4] , IMOTO et al. [5] , YoKosAwA [6] , ZAHA [7] and KUWANA [8] values of fourteen teeth on the right side of both jaws . The studies by Immo et al., YOKOSAWA, ZAHA and KUWANA produced discriminant respective formulas on the basis of several values of the maxillary canines which are believed to show the most conspicuous sex differences among adult teeth . Of these study reports, the one by KUWANA is based on the use of moire topography, a method of three-dimensional measurement . Moire topography is an application of the phenomenon that the locus of the crossing created by interference of the shadow of the grid projected on an object with the original grid can be displayed in a continuous contour line. By photographing this, the three-dimensional factor can be included on the photograph which is originally a quadratic plane .
As mentioned earlier, there are already several studies concerning sex determination based on maxillary canines. However , regarding a similar study based on mandibular canines, little is known to date as far as the present authors know despite the fact that mandibular canines, are also characteristic of sex differences .
According to the report on the survey of dental diseases in 1981 [22] , the life of the mandibular canines is the longest of any of the teeth, suggesting the possibility that only the mandibular canines can be the samples for sex determination. Therefore, we have attempted to induce a discriminant formula for sex determination from the several values of the cubic form of the crown of the mandibular canine by means of moire topography.
Specimens and Method
Specimens
Fifty-two teeth, 20 male and 32 female, were selected from the mandibular canines preserved in our department of legal medicine. Those which had been sexidentified and had the least attrition and abrasion and were free from decay or cuneiform defects were selected.
Photographic Device and Conditions
We used a high precision moire topographic apparatus of the shadow type made by the Fuji Koki Co., Ltd. The grid was fixed at FMP-80 and the pitch was 0.2 mm. The camera which was used was a Nikomart from the Nihon Kogaku Kogyo Co., Ltd. mounted with a Micro-Nikkor 105 mm lens fixed with an automatic closeup ring.
The distance from the grid surface to the focal point of the lens, and also the distance from the point source and the lens were both 300 mm.
The moire stripes were photographed from four aspects; labial, lingual, mesial and distal.
The specimen teeth were inbedded for fixation in a hole bored in the center of a block made of instant polymerizing resin. The hole was filled with utility wax. This resin block was fixed on the pedestal of a Surveyor model table made by the NEY Co. In photographing from the labial and lingual aspects, it was so arranged according to FuJITA's standards [9] that the longitudinal axis and the perspective axis of the tooth ran parallel to the moire grid plane. It was also similarly arranged for photographing from the mesial and distal aspects.
In photographing, a cover glass, 0.15 mm in thickness, was inserted to make uniform the distance between the grid surface and the tooth and was removed before photographing. Prior to photographing, the surface of the tooth was coated with white magic paint made by the Pentel Co.
For the film, Neopan SS was used. The aperture of the lens was 32 and the shutter speed was 15 sec. The film development, etc. was done by the conventional method. A positive picture enlarged five times as big as the real size of the tooth was printed on Kodak poly contrast rapid II Rc paper F/MW to produce a moire photograph (Fig. 1 ).
Measured Items
Of the moire stripes which were photographed, the closed curve ones and those traceable to the cervical line were traced on tracing paper. As a result, it was found that the number of traceable moire stripes of the entire specimen teeth was four on both the labial and the lingual aspect, and two with respect to the mesial and distal aspects.
The quantity of the space of these traceable moire stripes has been calculated entirely as follows :
LaS1 (of the primary moire stripe) LaS2 (of the secondary moire stripe) LaS3 (of the third moire stripe) LaS4 (of the fourth moire stripe)
Similarly,
The space was measured three times by means of a planimeter (PLANIX 3 from the Tamaya Shoten Co., Ltd.) and the mean value was designated as the said moire stripe space. On the basis of these space values, the respective cubic value was worked out . These cubic values were obtained by multiplying the space of the respective stage by the value of the space between the moire stripes. The abbreviations are given as follows :
LaV1 (The volume up to the primary moire stripe) LaV2 (The volume from the primary moire stripe to the secondary moire stripe) LaV3 (The volume from the secondary moire stripe to the third moire stripe) 
Sex determination by discrimidant analysis
On the basis of the values thus measured, a discriminant analysis [10] [11] [12] [13] [14] was made with respect to the 16 items of the cubic value, inferring thus a discriminant formula for the sake of sex determination.
Results

The spatial value and its sex differences
The mean values and the standard deviation of each spatial value (LaS1 DSO are shown in Table 1 for males and females respectively. And the statistical sex differences as confirmed by the 5% ratio of risk, are also shown at the right end of the same Table. The mean value of each spatial value indicated was bigger in males than in females with respect to all items except DS, of the distal aspect.
The statistical differences between the sexes were found only in LaS4 of the labial aspect at 5% of the ratio of risk.
The cubic value and its sex differences
The mean value and the standard deviation of each cubic value (LaV, Table 2 for males and females respectively. The statistical differences between males and females, as confirmed at the ratio of risk of 5 %, are shown at the right end of the same Table. The mean value of each cubic value proved bigger in the males than in the females with respect to all items, except DV, of the distal aspect.
The statistical differences between the sexes were found only in LaV, of the labial aspect at the rate of 5% of risk. 
Sex Determination by Discriminant Analysis
As a result of a discriminant analysis for sex determination as to the 16 items of the cubic value of each aspect, the coefficients given in Table 3 were obtained. An example of discrimination by means of this formula is shown in Table 4 .
As a result of the sex discrimination of the 52 mandibular canine specimen teeth used in our studies by means of this discriminant formula, 15 out of the 20 male specimen teeth and 23 of the 32 female specimens were correctly discriminated, providing 73.1 % accuracy.
Discussion
The measurement of tooth size provides a highly interesting theme of study in the sphere of anthropology and legal medicine, and a number of research reports are already available. There are many theses concerning the study of sex differences in teeth on the basis of various dental values. In this connection, we already have reports by GONDA, TAKIGUCHI, UMEDA, KAmuo [15] and NEmoTo [16] , etc.
These reports give measurements of the size of human teeth with respect to tooth length, crown length, crown width and crown thickness, etc. on the basis of the standards worked out by FunTA [9] . All of these reports agree inasserting that Table 4 Examples of sex determination According to the report made by MUKAI et al. [17] , the kinds of teeth which are most likely to remain healthy are the mandibular anterior teeth and both the maxillary and mandibular canines. According to TAKEI [18] , the maxillary canines are least affected by changes in attrition conditions due to aging. STANLEY [19] and UMEDA say in their reports that sex differences are seen most conspicuously in the maxillary canines. Compared with the maxillary canine, the mandibular canine crown is less in thickness, width and length [20] , and so we thought of changing the moire spacing. But we kept the moire spacing at 0.2 mm as we could get a sufficiently clear picture.
In taking moire topographic photographs of the mandibular canines, we strived to trace the moire stripes up to the fourth stage with respect to the labial and lingual aspects and up to the second stage regarding the mesial and distal aspects. But KUWANA did trace up to the sixth stage of the labial and lingual aspects of the maxillary canines, and up to the fourth stage of the mesial and distal aspects thereof. We consider that such differences were due to the differences in form between the mandibular canines and the maxillary canines.
As regards the sex differences in the measured values of the size of teeth, studies by GONDA, UMEDA and NEMOTO et al. revealed unanimously that male teeth exceed female teeth in mean value. In our present studies, it was revealed that in the values of 26 items except each item of the spatial and the cubic value of the first stage of the moire stripes of the mesial aspect, the male by far exceeded the female.
Since it is accepted that the size of the surface area and the cubic volume of the moire stripe on an object indicates the degree of projection, it can be induced from the analysis of our present specimens that the mesial aspect of female teeth is less projected than male ones, and with regard to the degree of projection in the other three aspects, the male teeth are less than the female ones.
However, it was only with respect to the spatial value and the cubic volume of the moire stripes of the fourth stage of the labial aspect that a statistical difference was found as a result of the t-test. Therefore, it is considered difficult to pinpoint a morphometric difference in the mandibular canines between the sexes inferred from We worked out a discriminant formula for sex determination on the basis of the volumetric value of mandibular canines with respect to 16 items. The rate of accuracy by means of this formula was 73.1%, namely, less than the rates obtained by YOKOSAWA, ZAHA and KUWANA on the basis of maxillary canines.
As to the reasons for the difference in the rate of accuracy, the difference in anatomical form between maxillary canines and mandibular canines can be first cited, especially in comparison with the case of KUWANA. The maxillary canine exceeds the mandibular canine with respect to crown length, crown width and crown thickness [20] . Furthermore, the former is superior to the latter in the development of the ridge and the relief of the tooth on the lingual aspect and also in the thickness of the cervical portion. All in all, it can be said that the maxillary canine is more complex in shape and complicated in form compared with the mandibular canine [21] .
Therefore, while the moire stripe could be traced up to the 6th stage on the labial and palatal aspects and up to the 4th stage on the mesial and distal aspects with regard to the maxillary canine, it could only be traced up to the 4th stage on the labial and lingual aspects and up to the 2nd stage on the mesial and distal aspects in the case of the mandibular canine. It is natural that the more the stages of traceable moire stripe, the more the information which is obtainable, upgrading the rate of accuracy in determining sex.
With respect to the items of measurement, the maxillary canine revealed statistical differences in most of the items, but the mandibular canine showed the difference in sex in only two items. This shows that the sex difference is more conspicuous in the maxillary canine than in the mandibular canine, which is believed to be responsible for the respective rate of accuracy.
Conclusion
In our present research on sex determination of teeth, we used a high precision moire photographic apparatus to photograph the crowns of mandibular canines from four aspects; the labial, lingual, mesial and distal portions, and measured the value of the space and the volume of each moire stripe with respect to 28 items.
On the basis of the mean values, we strived to find sex differences. And also with the use of volumetric values of 16 items, we formed mathematicostatistical models and attempted sex determination by discriminant analysis.
Our findings were as follows:
1. With respect to the space and the volume of the moire stripe of each tooth, except for the moire stripe of the first stage from the distal aspect, the male teeth by far exceeded the female teeth in value.
A statistical
difference between male and female was observed only in the moire stripe of the 4th stage from the labial aspect both with respect to the values of the space and volume.
3. As a result of sex determination by discriminant analysis on the basis of volmetric values of 16 items, the ratio of accuracy proved to be 73.1%.
